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ABSTRACT 

Context. This paper is part of a series describing the results of the AMIGA (Analysis of the interstellar Medium of Isolated GAlaxies) 
S—j ' project, studying the largest sample of very isolated galaxies in the local Universe. 

Aims. The study of the radio properties of the AMIGA sample is intended to characterize the radio continuum emission for a sample 
least affected by local environment, thus providing a reference against which less isolated and interacting samples can be compared. 
Methods. Radio continuum data at 325, 1420 and 4850 MHz were extracted from the WENSS, NVSS/FIRST and GB6 surveys, 
respectively. The source extractions have been obtained from reprocessing the data and new detections have been added to the cross- 
matched detections with the respective survey catalogs. We focus on the complete AMIGA subsample composed of 719 galaxies. 
Results. From the above four surveys a catalog of radio fluxes was obtained. Comparison between the NVSS and FIRST detections 
indicates that the radio continuum is coming from disk-dominated emission in spiral galaxies, in contrast to the results found in 
high-density environments where nuclear activity is more frequent. The comparison of the radio continuum power with a comparable 
sample, which is however not selected with respect to its environment, the Condon et al. UGC-SF sample of star-forming field galaxies, 
shows a lower mean value for the AMIGA sample. We have obtained radio-to-optical flux ratios (R) using the NVSS radio continuum 
flux. The distribution of R for the AMIGA galaxies is consistent with a sample dominated by radio emission from star formation (SF) 
and a small number of Active Galactic Nuclei (AGN), with less than 3% of the sample with R > 100. We derived the radio luminosity 
function (RLF) and total power density of the radio continuum emission for the AMIGA sample at 1.4 GHz, and compared them with 
results from other low redshift studies. The Schechter fit of the RLF indicates a major weight of the low-luminosity galaxies. 
Conclusions. The results indicate the very low level of radio continuum emission in our sample of isolated galaxies, which is 
dominated by mild disk SF. It confirms hence the AMIGA sample as a suitable template to effectively quantify the role of interactions 
in samples extracted from denser environments. 
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1. Introduction sion (Hummel 1980 1981). Eventually evidence emerged for ex- 
cess emission from both nuclei and disks (Condon et al. 11982) . 

Although it is widely accepted that galaxy interactions stimulate Not surprisingly spiral galaxies have provided the strongest ev- 

secular evolutionary effects in galaxies (e.g. excess star forma- idence for a radio enhancement, but recently, evidence has also 

tion, active nuclei, morphological/kinematic anomalies) the fre- arisen for radio continuum enhancements in early-type mem- 

quency /amplitude of the effects and processes driving them are bers of mixed pairs (E/S0+S), possibly via cross-fueling from 

not well quantified. Prior to about 1970 there was a general be- a gas rich neighbor (Domingue et al. 2005). Interactions appar- 

lief that interactions did not stimulate unusual activity in galax- ently do not always lead to enhancement, as evidenced by com- 

ies. Radio continuum surveys of galaxy pairs emission statis- pact groups where radio emission is weaker than average, al- 

tics opened a debate about the role of interactions in stimulating though more strongly concentrated than in more normal galaxies 

activity (Tovmassian 1968). The period around 1970 saw sev- (Menon 1992, 1995, 1999]!. 
eral studies reporting a lack of radio continuum enhancement 

in interacting galaxies (Allen et al. 119731 Wright [T974) closely A better quantification of interaction enhancement as a func- 

followed by several surveys that provided evidence for an en- tion of many different observables is needed before models can 

hanced level of emission from pairs (Sulentic |1976al |1976bt be properly constrained and refined. This requires a proper defi- 

Stocke [T978l Stocke et al. 1978). As the fulcrum shifted in favor nition of non-interacting galaxy in order to determine the "zero- 

of interaction induced activity, the debate shifted to the relative point" or levels of self stimulated emission (nature vs. nurture), 

response of disk versus nucleus as the source of enhanced emis- The AMIGA project (Analysis of the interstellar Medium of 
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Isolated GAlaxies) involves identification and parameterization 
of a statistically significant sample of the most isolated galaxies 
in the local Universe. It is a refinement of the Catalog of Isolated 
Galaxies (CIG: Karachentseva l 1 9731 which is composed of 1050 
galaxies located in the Northern hemisphere. A major AMIGA 
goal involves characterization of different phases of the interstel- 
lar medium in galaxies least affected by their environment. 

So far we have: 1) revised all CIG positions (Leon & Verdes- 
Montenegro 2003); 2) summarized the redshift and luminosity 
properties of the sample including derivation of an improved 
Optical Luminosity Function (Verdes-Montenegro et al. 2005 ); 
3) provided POSS2 based morphologies for the sample includ- 
ing identification of remaining certain (32) and suspected (161) 
interacting galaxies (Sulentic et al. 2006); 4) reevaluated the 
IRAS mid-infrared and far-infrared properties of the sample 
(Lisenfeld et al. 2007); and 5) performed a reevaluation and 
quantification of the degree of isolation for the sample (Verley 
et al. 12007a! I2007bl ). The revised CIG-AMIGA sample is rea- 
sonably complete (-80%) down to mB_ corr ~ 15.0 (Verdes- 
Montenegro et al. 2005) and is currently the largest sample 
of isolated galaxies in the local Universe. These are galaxies 
whose structure and evolution have been driven largely or en- 
tirely by internal rather than external forces (i.e. as close to pure 
nature as exists in a local Universe where nurture plays many 
roles). The data are being released and periodically updated 
at http://www.iaa.es/AMIGA.html where a VO (Virtual 
Observatory) interface with different query modes has been im- 
plemented. 

We report here on the radio continuum properties of 
the AMIGA sample with presentation organized as follows: 
Section [2] describes the radio surveys we used along with the 
(reprocessed) data and the final catalogs. Section [3] studies the 
radio continuum characteristics of the AMIGA sample includ- 
ing the correlation between radio and optical luminosities, spec- 
tral index, as well as comparison between NVSS and FIRST 
measures. The Radio Luminosity Function (RLF) and the power 
density are presented and compared with other galaxy samples 
in Sect. [4] Section[5]summarizes the main results. 

2. The radio data 

Several radio surveys now cover a large fraction of the sky with 
detection limits of a few mJy and spatial resolutions from a few 
arcseconds to a few arcminutes. Four Northern sky surveys are 
available: 1) the Westerbork Northern Sky Survey (WENSS) 
at 325 MHz; 2) the NRAO VLA Sky Survey (NVSS) at 1.4 
GHz; 3) the Faint Images of the Radio Sky at Twenty-cm sur- 
vey (FIRST) at 1.4 GHz; and 4) the Green Bank surveys (GB6) 
at 4.8 GHz. We cross-correlated the optically improved AMIGA 
positions (Leon & Verdes-Montenegro 2003 ) with radio source 
positions from the above catalogs and further increased detection 
fractions by reprocessing source extractions from the calibrated 
data. Extractions were performed using the dedicated software 
SExtractor (Bertin & Arnouts 1996) with a threshold of 5-cr rel- 
ative to the background. A summary of the data extracted from 
the four surveys is given in TableQ] The Ncig and /Vdet entries in- 
dicate respectively the number of galaxies that were covered by 
each survey and the number of detections. Table [2] gives the ra- 
dio flux density, the radio power, and a code for the origin of the 
data according to the following list: for no data, 1 for the orig- 
inal catalog (WENSS, NVSS, GB6), 2 for this work and 3 for 
NED. Reference code 4 indicates FIRST detection without a cor- 
responding NVSS detection. Upper limits are indicated by neg- 
ative values. 1420 MHz FIRST measures follow in parentheses 



Table 1. Compiled data for the different radio continuum sur- 
veys. 



Survey 


Frequency 


Resol. 


5-o- 


,V CIG 


"del 




(MHz) 


(arcmin) 


(mJy) 






WENSS 


325 & 352 


~ 1 


- 18 


405/278 


49/37 


NVSS 


1420 


-0.8 


-2 


1050/719 


374/311 


FIRST 


1420 


-0.08 


- 1 


560/360 


81/58 


GB6 


4850 


-3.5 


- 18 


1017/691 


32/12 



Total number of galaxies with radio data (N C ig) an d with radio de- 
tection (A^ct), followed by the number of galaxies belonging to the 
complete subsample of N = 719 galaxies. 



the NVSS values. Fluxes of the 8 galaxies detected with FIRST 
and undetected with the NVSS are listed in Table |2]but are not 
used in the analysis as explained in Sect. 12. 31 Radio power P was 
computed as log(P) = log(^) + 21og(^) + 17.08. We used 
distances D from Verdes-Montenegro et al. (2005) with a Hubble 
constant of //(> = 75 km s Mpc~' updated with the newly avail- 
able data from the bibliography. The small number of sources 
without radio power values lack redshifts. The next subsections 
describe the four surveys used to characterize the radio contin- 
uum properties of our sample. 

We derived radio fluxes or upper limits for all galaxies 
in the CIG but we focus our statistical analysis on the com- 
plete AMIGA subsample described in Verdes-Montenegro et al. 
(2005). We use in the present work the same selection as de- 
scribed in Lisenfeld et al. (120071 ) (their Sect. 4.1): (i) The sub- 
sample contains galaxies with corrected Zwicky magnitudes in 
the range 1 1.0-15.0 for which we found < V/V„, >- 0.43, indi- 
cating 80-90% completeness, (ii) Morphological revision of the 
sample, described in Sulentic et al. (12006). identified 32 galax- 
ies that are probably not isolated in the sense that they might 
involve isolated interacting pairs and/or multiplets. These galax- 
ies are excluded from the most isolated sample studied further 
here, (iii) We excluded two nearby dwarf ellipticals (CIG 663 = 
Ursa Minor and CIG 802 = Draco) for which we only have upper 
limits for the radio fluxes, and the inferred radio luminosities are 
very low. This subsample {N = 719 galaxies) will be referred to 
hereafter as the complete (AMIGA) subsample. 

2.1. WENSS 



The WENSS (Rengelink et al. |1997l ) survey was carried out with 
the Westerbork Synthesis Radio Telescope at 325MHz, except 
for objects with 5 > 30° that were observed at 352 MHz. Spatial 
resolution is Swenss — 54" x 54"cosec(o') with limiting flux 
sensitivity of about 18 mJy (5-cr). Astrometric accuracy was 
l'/5 for strong sources (S > 150 mJy). We adopted a distance 
tolerance of 35" which was chosen taking into account a conser- 
vative astrometry accuracy for weak sources of « #wenss /5 and 
adopting a confidence radius - 3 times that value. We found 39 
WENSS detections. Five more detections were included from 
the 352 MHz polar catalog (CIG 66, 155, 363, 875 and 890). 

We also downloaded and reprocessed source extractions for 
other galaxies from the CIG that are within in the survey area. 
Flux calibrations using the integrated SExtractor fluxes of cat- 
alog sources show no significant differences from the WENSS 
catalog values. A total of 49 sources were detected and 404 
upper limits derived. Five weak sources were not listed in the 
WENSS catalog (CIG 336, 355, 663, 676 and 862) but are de- 
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tected at a 5-<x level using SExtractor, showing a very weak 
emission (< 18 mJy). The total flux for the extended source 
CIG 442 was underestimated and recomputed taking extended 
emission into account. The astrometry accuracy is very high, 
the mean difference with respect to the CIG position being 
(a, 6) - (0708, 0734). The dispersion in the a and 5 differences 
are respectively 6'.'4 and 973 which is about 6-9 times smaller 
than the WENSS spatial resolution. 



2.2. NVSS 



The NVSS survey (Condon et al. 1 19981 1 was made with the 
VLA at 1.4 GHz. Spatial resolution was 45" x 45" for North 
of 5 > -40°, covering the full CIG declination range. Survey 
sensitivity is about 2 mJy implying that nearly all sources de- 
tected with WENSS (assuming spectral index orH > -1.5) will 
be detected by NVSS. Source positions in the catalog are given 
with an accuracy ranging from < 1" for flux density S > 15 
mJy to about 7" for S < 2.5 mJy. We found 359 CIG sources 
in the NVSS catalog. Source extraction using SExtractor with 
a 5-cr threshold yielded 368 detections, where 9 are not in the 
NVSS catalog or were recalibrated in cases of extended or weak 
sources (CIG 324, 436, 442, 543, 559, 837, 869, 950, 988). CIG 
199 was excluded from the catalog because of corrupted data. 

Comparison of fluxes derived from the NVSS catalog and 
our reprocessing (see Fig. [TJ indicates a high degree of con- 
cordance except for an increasing dispersion and underestima- 
tion towards fainter fluxes. These small differences are proba- 
bly due to the bias corrections applied to fluxes in the NVSS 
catalog and which were not fully taken into account in the re- 
processed fluxes. This difference in calibration affects only the 
few sources not listed in the NVSS catalog. In the case of very 
extended sources (> 5:5; CIG 197, 435, 447, 461, 469, 610) 
we have adopted fluxes given in the literature (NED). In these 
cases, the total flux was computed from a complete integration 
over the galaxy and not only from some isolated peaks, as given 
by the NVSS for the large and nearby galaxies. A final total of 
374 galaxies are included with 1 .4 GHz radio continuum detec- 
tions. The mean difference in a and 5 between the NVSS and 
our catalog positions are small (-0783,-0702). The dispersion 
in the a and 5 differences are respectively 679 and 772, which is 
comparable to the WENSS astrometry given the similar spatial 
resolution. 



2.3. FIRST 



FIRST (Becker et al. 1 19951 1 was designed to produce the radio 
equivalent of the Palomar Observatory Sky Survey over 10000 
square degrees of the North Galactic Cap. The spatial resolution 
was 5". At the 1 mJy source detection threshold there are ~ 90 
sources per square degree, ~ 35% of which show resolved struc- 
ture on scales from 2" to 30". We cross-correlated the FIRST 
catalog with our revised optical positions, yielding 81 source de- 
tections. The number of detections was low and the data could 
not be used for statistical purposes. They were however very use- 
ful for a comparison with NVSS data which allowed us to infer 
the relative strengths of disk vs. nuclear emission in many galax- 
ies. Mean positional differences are small (-0722, -0707) with a 
dispersion of 176 and 270, respectively. We found 8 galaxies that 
were detected in FIRST but not in the NVSS (CIG 236, 238, 258, 
364, 544, 618, 678 and 749). Normally we expect the NVSS flux 
to be stronger than the FIRST values because FIRST is only sen- 
sitive to compact (high spatial frequency) radio emission. These 




1000 



Fig. 1. Comparison of the NVSS catalog flux (abscissa) at 1.4 
GHz and the reprocessed fluxes for the CIG sources (ordinates). 

sources showed fluxes near the NVSS/FIRST detection limits 
and were not further considered in our analysis. 

2.4. GB6 

The GB6 survey is a combination of two sets of observations 
made at the Green Bank telescope in 1986 and 1987 (Gregory 
et al. |19961 l. The sensitivity of the survey is similar to WENSS 
(~ 18 mJy) but the spatial resolution is considerably lower (3f5). 
Identification of CIG detections in the GB6 catalog required 
a threshold distance tolerance of about 1/2 of the FWHM, i.e. 
85" which results in 17 detections. SExtractor source extraction 
with a detection threshold of 5-cr yields 42 detections within the 
85"confidence radius. Comparison of our fluxes with GB6 cat- 
alog values indicates a poorer correlation. Discrepancies mainly 
arise from extended sources. The large spatial resolution com- 
pared with the galaxy diameters motivated a visual check of all 
detections in order to remove possible cases of confusion. A to- 
tal of 32 galaxies were retained in our GB6 detection list, with 
others determined to be fore-/back-ground. 

3. Radio characteristics 

3.1. Detection rate 

Figure [2] shows the NVSS radio detection fraction as a function 
of morphological type (see Sulentic et al. l2006l for a description 
of the morphological types). It peaks in the Sb-Sc range (type 
T = 3-5) which is the core of the AMIGA sample, compris- 
ing fully two thirds of our sample (see Verdes-Montenegro et al. 
2005). Assuming that the radio continuum emission is driven by 
star formation this is not surprising because these galaxies show 
the highest average star formation rates (Kennicutt et al. 1987). 
This is partially offset by the higher molecular/neutral gas frac- 
tion found in earlier types (Young & Knezek fl 9891 1 which may 
explain why the detection fraction drops so slowly towards types 
earlier than T - 3 (Sb). This can be contrasted to the much more 
rapid drop in the FIR detection fraction found in Lisenfeld et al. 
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Table 2. Radio flux density and power 325 MHz, 1.4 GHz and 4.8 GHz for the CIG sample 1 . 







325 MHz 






1.4 GHz 






4.8 GHz 


CIG 


Flux 


Error 


Power 


Ref. 


Flux 


Error 


Power 


Ref. 


Flux 


Error 


Power Ref. 




(mJy) 


(mJy) 


(WHz- 1 ) 




(mJy) 


(mJy) 


(WHz" 1 ) 




(mJy) 


(mJy) 


(WHz" 1 ) 


1 


0.00 


0.00 


0.000 





7.70 


0.72 


21.894 


1 


-18.00 


0.00 


-22.262 1 


2 


-18.00 


0.00 


-22.228 


1 


-2.00 


0.00 


-21.274 


1 


-18.00 


0.00 


-22.228 1 


3 


-18.00 


0.00 


0.000 


1 


-2.00 


0.00 


0.000 


1 


-18.00 


0.00 


0.000 1 


4 


0.00 


0.00 


0.000 





31.70 


1.07 


21.412 


1 


-18.00 


0.00 


-21.166 1 


5 


0.00 


0.00 


0.000 





-2.00 


0.00 


-21.380 


1 


-18.00 


0.00 


-22.335 1 


6 


0.00 


0.00 


0.000 





6.10 


0.66 


21.356 


1 


-18.00 


0.00 


-21.826 1 


7 


0.00 


0.00 


0.000 





-2.00 


0.00 


-21.815 


1 


-18.00 


0.00 


-22.769 1 


8 


0.00 


0.00 


0.000 





-2.00 


0.00 


-21.183 


1 


-18.00 


0.00 


-22.137 1 


9 


0.00 


0.00 


0.000 





2.40 


0.79 


21.526 


1 


-18.00 


0.00 


-22.402 1 


10 


-18.00 


0.00 


-21.852 


1 


-2.00 


0.00 


-20.897 


1 


-18.00 


0.00 


-21.852 1 
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Fig. 2. Detection rate at 1.4 GHz with NVSS as a function of 
Hubble type. 



(120071 1. Alternative explanations for the relatively high detection 
fraction of earlier types include: 1) Sb-c spirals misclassied as 
Sa-ab (T = 1-2) due to low resolution imagery; 2) spirals mis- 
classified as E/S0 (T = -5 to -2); and 3) the growing influence 
of radio emission unrelated to star formation in bona fide early 
types. The large fluctuation among the very late types likely in- 
volves small sample statistics. 

3.2. Luminosity distribution 

In analogy to earlier papers in this series, Fig. [3] shows the dis- 
tribution of radio luminosities as a function of type for all de- 
tections. In addition, we plot mean values including upper lim- 
its which were derived using the Kaplan-Meier survival analysis 
and calculated with the ASURV package (Lavalley et al. |1992| l. 
Since the radio detection fraction is less than 50% for all types 
the mean values lie quite low relative to the detections. Note that 
the mean of log(L) can be lower than the median of log(L). The 
weakest known classical radio loud quasars (FRIIs: Sulentic et 
al. 12003 ) show radio luminosities near logLi4GHz = 23.5 and 
the strongest sources in this sample are 0.5 dex below, with the 




1234567 
Hubble type 



Fig. 3. Distribution of radio luminosity at 1 .4 GHz as a function 
of Hubble type. Only detections are shown. The open triangles 
give the mean value of log(L! aghz) f° r eacn Hubble type, calcu- 
lated with ASURV and taking the upper limits into account. The 
open squares are the median values for the detections only. 



majority of detected sources 1 .5-2 dex below. With the excep- 
tion of a few of the strongest sources all luminosities are consis- 
tent with nonthermal emission related to star formation. Figure[3] 
can be compared with the equivalent for FIR emission (Fig. 5 in 
Lisenfeldetal.[2007]>. 

The radio power distribution for the three radio bands is 
shown in Fig. [4] The vertical dotted line indicates the radio 
power corresponding to a completeness higher than 80% (i.e., 
more than 80% of the galaxies are detected at the corresponding 
radio frequency). This line is calculated based on the sensitivity 
of each survey, combined with a recession velocity lower than 
9300 kms -1 for 80% of the CIG galaxies. We point out that the 
peak of the distribution for the NVSS data is above the level of 
radio completeness, leading to a better confidence in the radio 
properties at that frequency. Table [3] shows the mean value of 
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Table 3. Average properties of the radio power, log(P), for 
galaxies in the complete AMIGA sample and for the 1 .4 GHz 
radiocontinuum emission of the UGC-SF sample (Condon et al. 
120021 . 



Frequency 


Mean log(P) 


Median log(P) 


W 5al 


Naet 




(WHz- 1 ) 


(WHz" 1 ) 








CIG/325 MHz 


20.03+0.11 


22.24 




278 


37 


CIG/1.4GHz 


20.11±0.10 


21.59 




719 


311 


CIG/4.8 GHz 


18.54+0.11 


21.53 




691 


12 


UGC-SF/1.4GHz 


21.61±0.62 


21.65 




3136 


2815 



the radio power for each frequency using the Kaplan-Meier sur- 
vival analysis, and the median value taking only detections into 
account. Note that for the 325 MHz band, the 5 galaxies with 
data at 352 MHz are included. The big difference between the 
median and mean values reflects the large number of upper lim- 
its in the samples. The number of galaxies per frequency band 
in the AMIGA sample is indicated in the column N g - d j, and the 
number of detections by Ndet- 

We compare the radio power distribution of the CIG sample 
with the one of the star-forming galaxies selected from the UGC 
sample (UGC-SF) in Condon et al. (|2002T >. They studied the ra- 
dio and star formation properties of the entire Uppsala Galaxy 
Catalog (UGC). They distinguished between star-forming galax- 
ies and AGN in their study, finding that the star-forming galaxy 
population may be evolving even at moderately low redshift. The 
AGN have been discarded of the control sample, following their 
classification. We recomputed the radio continuum power and 
the distances of the sample by using the same Hubble constant 
that for the CIG sample. The UGC-SF and the CIG samples are 
located in a very similar local volume. 

To compute the mean value of the radio continuum power for 
the UGC-SF, we used ASURV, as for the CIG sample, by includ- 
ing the detections and the upper limits. The corrected B magni- 
tude, retrieved from the LEDA database, was used for the UGC- 
SF sample. This photographic corrected magnitude is very sim- 
ilar to the mB- con magnitude of the CIG sample (see Fig. |6j, To 
be consistent with the CIG sample, we applied a magnitude cut- 
off at ms = 15 (see Verdes-Montenegro et al. 12005). Using the 
survival analysis package ASURV, the mean of log(f) = 21.61 
appears significantly higher than for the CIG sample (20. 1 1), as 
shown in Table [3] The median values are computed using the 
detections. The difference comes mainly from the upper-limits 
which are a much larger fraction in the CIG sample than in 
the UGC-SF sample (see Table [3} with a detection rate of 43% 
and 90% resp. for the CIG and UGC-SF samples. Moreover the 
Fig. [5] showing the log(P) distribution for both samples, indi- 
cates that the UGC-SF sample has a larger population with high 
radio continuum power (log(P) > 22). 

3.3. Radio vs. optical properties 

Since our sample involves many of the most isolated galaxies 
(see Verley et al. 2007a, 2007b) in the local Universe and, if 
radio emission is enhanced by interactions, then we expect it 
to show very passive radio continuum properties relative to al- 
most any other local galaxy sample. Figure [7] compares the ra- 
dio/optical flux density ratio R defined as: 



R 



Sl- 



4GHz 



XlO 



f)A(m B -14.2) 



(1) 



10 


WENSS 




- 


8 






- 


Z 6 






- 


4 






— | 









































21 22 23 24 

1oe[- P 325MhJ 




21 22 23 

iogl-PiSGlJ 



NVSS 








- 



where mg is the apparent B magnitude of the galaxy and S \aghz 
the flux density (in Jy) at 1 .4 GHz. The definition is similar to 



21 22 23 

l°g[-Pl.4G H J 



Fig. 4. Distribution of the 325 MHz (top), 1.4 GHz (bottom) and 
4.8 GHz (middle) radio power for the CIG sample. The dotted 
line indicates the completeness for a velocity of 9300 kms _I 
(80% of the sample). The jt-axis indicates the logarithm of the 
power in WHz 1 . 
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Fig. 5. Frequency distribution of the 1 .4 GHz radio power for 
the CIG sample (solid line) compared with the frequency dis- 
tribution of the UGC-SF sample (dashed line) of Condon et al. 
42002}. 



the one used by Condon ( 1980) (the optical magnitude was nor- 
malized to 15.0 in that study). 

3.3.1. Comparison with KISS 

We chose the value m# = 14.2 for a better comparison with a 
sample of emission line galaxies (Van Duyne et al. 2004) which 
involved 207 emission-line galaxy candidates from the KPNO 
International Spectroscopic Survey (KISS) with NVSS or FIRST 
detections. Figure [8] shows the distribution of R values for de- 
tections in our sample, with E/S0 and spiral galaxies indicated 
separately. R shows a median value of 4.48 which is likely over- 
estimated due to the bias introduced by the ~ 2 mJy flux limit of 
the NVSS survey (as shown in Fig.|7]by the dashed line). 

As expected, we find the galaxies in our sample to be very 
radio quiet relative to their optical luminosities. Generally, high 
values of R (R > 100, e.g. Van Duyne et al. |2004| l indicate the 
presence of a radio quasar while values between 10 and 100 can 
arise from a mix of Seyfert, LINER and starburst activity. Dusty 
galaxies with above average internal extinction can also boost 
some normal galaxies into this range. The dominance of low-/? 
galaxies (R < 10) in our sample indicates that the radio emis- 
sion from star formation is responsible for the majority of the 
detections. The KISS sample (Van Duyne et al. 2004) represents 
a good counterpoint with most of the galaxies showing R > 10. 
Only three galaxies in our sample show R > 100 (CIG 187, 349 
and 836). CIG 187 has an underlying background source while 
CIG 349 is classified as LINER/Syl.5 and is almost certainly an 
interacting/merger system. CIG 836 is a relatively high redshift 
E galaxy (Vr = 14900 kms -1 ) and is outside our complete sam- 
ple. 17% of the Van Duyne et al. (2004) sample show R > 100. If 
we consider the 1 1 galaxies with R > 30 in our sample, we find: 
a) at least one background source; b) 3-5 interacting sources; 
and c) 4-5 AGN/LINER galaxies. Isolated examples of category 
c) may represent rare examples of self stimulated AGN activity 
(via bars?) or cases where stimulation by an accretion event left 
no morphological signature. 



Fig. 6. Optical luminosity distribution in B for the CIG (solid 
line) and the UGC-SF (dashed line) sample. 



3.3.2. Comparison with UGC-SF 

We compare the R distribution of the CIG with the one of the 
UGC-SF sample of Condon et al. J2002b . Figure [8] shows little 
differences between the two samples: the R distribution of the 
CIG is sharper than the one of the UGC-SF sample. This later 
has more important wings, especially an excess for the large R 
(log(fl) > 0.8). The median value of 4.38 for R of the UGC- 
SF sample is just slightly larger than the one of the CIG sample 
(4.19). Figure [6] shows the optical luminosity Lb distribution for 
the CIG and the UGC-SF sample where it appears that the UGC- 
SF sample is slightly brighter in the B band than the CIG sample. 
The similar value of R between both samples is consistent with 
the higher radiocontinuum and Lg for the UGC-SF than for the 
CIG. The difference for the star formation activity is minimal 
between both samples, nevertheless the UGC-SF sample has a 
larger fraction of galaxies with more intense star formation per 
optical luminosity unit. 



3.3.3. Early types 

Our sample contains a relatively small fraction of early- 
type E/S0 galaxies (~ 14%) reflecting the expectation of the 
morphology-density relation. In principle AMIGA provides the 
last point on the low density end of that correlation. The low 
number of early-types precludes a statistically meaningful com- 
parison of mean R values for early- and late-type subsamples. 
Figure [8] suggests a slight difference between their R distribu- 
tions, with median values R - 7.7 and 4.4 for early- and late- 
type galaxies, respectively. The R distribution for E/S0 galaxies 
shows two peaks which may reflect a true early-type popula- 
tion and a second population of spirals misclassified as E/S0. If 
both peaks represent early-types then the higher R values would 
be surprising and difficult to understand if due to star formation 
activity. We checked whether either the radio powers or opti- 
cal magnitudes for these galaxies had unusual values and found 
radio powers in the 10 21 -10 23 WHz range - overlapping the 
radio power range of FRI but not FRII (broad emission line) 
quasars. Absolute magnitudes in B were generally fainter than 
-21 (except for CIG 893 which was flagged in our morpholog- 
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Fig. 7. Radio flux density at 1.4 GHz (mJy) vs. apparent B mag- 
nitude. The lines represent constant radio-to-optical ratio R. The 
dashed line shows the value of R corresponding to the NVSS 
sensitivity level (2 mJy). In order not to overload the figure, we 
show only detections. The radio continuum upper limits were 
however taken into account in the calculation of the mean val- 
ues. The plus signs denote galaxies within the complete AMIGA 
subsample and the crosses indicate galaxies outside this subsam- 
ple. 



ical reclassification, in Sulentic et al. 120061 as a candidate inter- 
acting system). If confirmed as E and/or SO galaxies, these very 
isolated systems would represent one of the most intriguing parts 
of the AMIGA sample. 




CIG total 
Sa-Irr 
E-SO/a 
Condon et al. 2002 



Fig. 8. Distribution of the radio-to-optical ratio R (logarithmic 
scale) for the CIG sample (solid line). The elliptical and spi- 
ral galaxy distribution are represented respectively by black and 
grey shaded areas. The dashed line shows the R distribution for 
the UGC-SF sample (Condon et al. 12002b . 



A bisector fit gives: 

log(P 3 25MHz) = (-0.60 + 0.03)M B + (9.4 + 0.5) 
log(i\ 4 GHz) = (-0.61 ± 0.02)M B + (8.7 + 0.5) 
log(P 4 .8GHz) = (-0.60 + 0.03)M B + (9.1 +0.6) 



(5) 
(6) 
(7) 



The bisector slope of the radio power versus optical magni- 
tude correlation is steeper at 0.3 and 4.8 GHz than at 1.4 GHz, 
but within the errors. In order to avoid mixing different morpho- 
logical types, and hence different factors contributing to the ra- 
dio emission, we derived a fit for the Sb-Sc majority population 
of the AMIGA sample (Fig. left): 



3.4. Radio-optical luminosity correlations 

The relationship between optical and radio continuum properties 
of galaxies in our sample can also be evaluated by studying the 
absolute B magnitude vs. log radio power (WHz 1 ) correlation. 
The most useful information comes from using the 1 .4 GHz data 
where the detection fraction was highest (Fig. |5). We use both 
detections and upper limits (employing survival analysis tech- 
niques) for calculation of radio continuum properties. The rela- 
tion between radio continuum power and absolute B magnitude 
was derived using the Schmidt method (see Feigelson & Nelson 
1985) as implemented in the ASURV package. A random dis- 
tribution of upper limits is required for application of survival 
analysis techniques. In our case, the upper limit distribution of 
the radio power is assumed random because it was computed 
from a flux limited distribution combined with a random distri- 
bution of galaxy distances. We get the following relations for the 
complete subsample taking Mb as the independent variable: 



log(^325MHz) 
log(f 1 .4GHz) 
l0g(P 4 .8GHz) 



(-0.49 + 0.03)M B + (1 1 .7 + 0.6) 
(-0.43 + 0.02)M B + (12.4 + 0.5) 
(-0.53 + 0.02)M B + (10.6 + 0.5) 



(2) 
(3) 
(4) 



log(Pi.4GHz) = (-0.58 ± 0.02)M B + (9.4 ± 0.4) 



and taking Mb as independent variable: 



log(Pi.4GHz) = (-0.39 + 0.02)M B + (13.4 ±0.5) 



(8) 
(9) 



(10) 
(11) 



Figure [9] (right) shows earlier and later type galaxies in our 
sample along with best fit linear regression and bisector fits to 
the Sb-c majority. The scatter in these relations (especially the 
Sb-Sc one) is still very large and will be explored in more detail 
in a later paper. Examination of the highest points reveals a mix 
of interacting systems and AGN (see Sabater et al.[2008) along 
with a few expected background sources. The lowest points tend 
to belong to highly inclined spirals, likely telling us that further 
refinement of inclination corrections and resultant optical lumi- 
nosity corrections are needed. 

It is interesting that almost all radio continuum detections of 
early-types lie above the best fit relation (Fig. [9] right). If the spi- 
ral majority shows radio emission related to star formation, then 
this offset is likely telling us that radio emission in early-types 
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X X Sb-Sc detection 

4- 4- Sb-Sc radio upper limit 

Sb-Sc bisector fit 

Sb-Sc fit 

- - Van Duyne (2004) fit 




■ ■ E-SO/a detection 

^ *t E-SO/a radio upper limit 

A A Sa-Sab detection 

4 l Sa-Sab radio upper limit 

• • Scd-Irr detection 

4- ^ Scd-Irr radio upper limit 

Sb-Sc bisector fit 

Sb-Sc fit 




Fig. 9. Left: Radio power at 1 .4 GHz vs. absolute optical magnitude for the Sb-Sc galaxies together with the fitted line obtained 
using ASURV. The full line gives the bisector fit. We also plot the fit assumming Mb as the independent variable (dotted line) for 
direct comparison with the fit (dashed line) for the KISS starburst galaxies in Van Duyne et al. (2004). Detections are indicated 
by crosses while upper limits in radio emission by arrows. Right: Radio power at 1.4 GHz vs. absolute optical magnitude for the 
detected E-SO (filled squares), Sa-Sab (filled triangles) and Scd-Irr (filled circles) galaxies. The upper limits are indicated with 
arrows of the same color. The lines correspond to the same fits as in the left panel. 



has a different origin. Figure [9] (left) shows that the CIG sample 
has a lower radio power than Van Duyne et al. (2004) over a sim- 
ilar absolute magnitude range. This is another manifestation of 
the strong difference between an emission line selected sample 
and our sample of isolated galaxies. Since no selection was made 
in the Van Duyne et al. sample in terms of the environment, it is 
a reasonable assumption that it involves both interacting systems 
and galaxies in generally higher density environments. The two 
samples show no sources in common. 



3.5. Comparison between NVSS and FIRST fluxes 

The NVSS and FIRST surveys were obtained with different 
VLA configurations, resulting in different effective resolutions 
and, more importantly, in diminished spatial frequency sensitiv- 
ity (scales larger than ~ 30") for FIRST. Comparing NVSS and 
FIRST observations of the same source then provides insights 
about the spatial distribution of emission in a galaxy. FIRST 
will largely sample only compact (likely nuclear) emission while 
NVSS will detect both nuclear and disk emission from galaxies 
in our sample. If low level star formation dominates the radio 
emission from most of our galaxies, then we expect NVSS fluxes 
to be larger than corresponding FIRST fluxes for our sample. A 
strong FIRST detection might indicate an active nucleus; these 
sources, expected to be rare in an isolated sample like AMIGA, 
will be discussed in a companion paper (Sabater et al. 2008 ). 

The much smaller FIRST detection fraction (14% vs. 35% 
for NVSS) immediately tells us what to expect - a sample dom- 
inated by disk star formation. FIRST fluxes are smaller than 
NVSS values in almost all sources. Most galaxies with a FIRST 
detection are Sb-Sc spirals, which represent 2/3 of the entire 
isolated population. This detection fraction suggests that more 
than half of our NVSS detected galaxies have disk-dominated 



radio continuum emission at 1 .4 GHz because they are fully at- 
tenuated by FIRST. Figure[10]shows the FIRST/NVSS flux ratio 
distribution for our sample. About 40% of the galaxies detected 
by FIRST show core-dominated emission at 1 .4 GHz, which im- 
plies ~ 20% of core-dominated galaxies in our sample. The radio 
continuum emission in core-dominated galaxies may originate 
either from nuclear SF or from an active nucleus. That question 
is addressed in Sabater et al. (2008J. 

We note that Menon dl995l l, using VLA B- and C- config- 
urations at 1.4 GHz, found that 46/56 radio detected members 
of compact galaxy groups showed compact core radio emis- 
sion. Figure QT| compares the cumulative distribution function 
of FIRST/NVSS flux ratios for AMIGA and the Menon ( [1995] ) 
compact group sample - a striking comparison of nature vs. nur- 
ture in the radio domain. The CDF comparison shows that only 
13% of compact groups have a ratio lower than 0.5, while 36% 
are found for the CIGs. This shows that isolated galaxies have 
a more disk-dominated radio emission than galaxies in groups 
where extreme interaction effects are expected. 



4. Radio Luminosity Function (RLF) 

In the past few decades many researchers have studied the ra- 
dio continuum properties of different samples, including deriva- 
tions of the RLF. A large fraction of these studies have in- 
volved flux limited samples useful for studying the evolution 
of the RLF. The 1.4 GHz NRAO VLA Sky Survey (NVSS) 
showed that radio evolution is largely luminosity independent 
with strong cosmological evolution at all luminosities (Condon 
[19841 [19891 Benn et al. ( fl993l l found that faint radio sources 
(S 1.4GHz < 1 rnJy) are dominated by star-forming galaxies with 
only a small fraction showing Seyfert type emission. AGN dom- 
inate the bright end of the radio distribution. Galaxies from an 
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4.1. 1.4 GHz radio luminosity function 

The local RLF of the CIG sample is useful in order to get more 
insight into the cosmological evolution of the radio emission in 
isolated galaxies, as well as to compare them with other galaxy 
populations in the local Universe. We only compute the local 
RLF at 1.4 GHz, for which we can get an accurate statistics 
thanks to the large number of detections. To compute the RLF 
we follow the prescription given by Xu & Sulentic ( I1991I ). Since 
the CIG sample is optically selected, the RLF is derived from 
the OLF and the fractional bivariate function between the radio 
and optical luminosity. The OLF 4>(M) was estimated by Verdes- 
Mont enegro et al. (2005) using the < V/V m > test (Schmidt 
1968 ) which indicates a high level of completeness for the CIG. 
The RLF is then calculated for that complete subsample. 

The differential RLF if/ gives the number of galaxies per unit 
volume and per unit log Pi.4ghz interval. It is derived as follows: 



0.6 0.8 1.0 1.2 

FIRST/NVSS 



il/(P) = 2.5AM Y ®(P\Mi)4>(Mi) 



(12) 



Fig. 10. Histogram of the flux ratio between the FIRST and 
NVSS detections for the CIGs. 



CIG: this paper 
HCG: Menon 1995 



0.8 - 



0.4 O.f 

Center/Total flux 



Fig. 11. Cumulative distribution of the FIRST/NVSS flux ratio 
for the CIG (solid line) and the center/total flux ratio (dotted 
line) from Menon dl995b . 



IRAS flux-limited sample (S(,o^ m > 2 Jy) were cross-matched 
with the NVSS (Yun et al. 2001), revealing that FIR-selected 
galaxies can account for the entire population of late-type field 
galaxies in the local Universe. Radio emission in these galax- 
ies is mainly produced by star formation. One of the most re- 
cent radio continuum studies for a large sample involves the 2 
degree Field Galaxy Survey (2dFGSDR2) cross-correlated with 
the NVSS for galaxies brighter than K - 12.75 (Sadler et al. 
2002). Using 2dF spectra, they found that 60% of the sources in- 
volve dominance of star formation and 40% AGN. Interpretation 
of all of these surveys is clouded by the uncertain role of environ- 
ment. The AMIGA sample has the potential to clarify this role 
by providing a nurture-free local sample, large enough to permit 
evaluation as a function of source morphology and luminosity. 



where P - \og(P{ .4ghz)- ©(P|M,) is the bivariate (optical, radio) 
luminosity function (BLF). The factor 2.5 arises since dex(0.4) 
= 1 magnitude. The BLF is defined as: 



&(P\Md = 



P(P\Md 
AP 



(13) 



where AP = 0.5 and !P(P|M,) is the conditional probability 
for a source with an absolute magnitude M (M, + 0.5AM > 
M > M/ - 0.5 AM) to have the logarithm of its radio luminosity, 
log(Pi.4GHz), within the interval [P - 0.5 AP, P + 0.5 AP]. In order 
to compute the BLF, we use the Kaplan-Meier estimator to take 
into account the upper limits of the radio observations, using the 
ASURV package. The errors of if(P) are the quadratic sums of 
the uncertainties of the OLF and the Kaplan-Meier estimator. 
The RLF is shown in Fig. [12] and the BLF is listed in Table [4] 
We point out that the inclusion of the upper limits in the com- 
putation may lead to a different final RLF compared with other 
studies, biased due to the use of only radio continuum detec- 
tions. The survival analysis was designed to use the maximum 
of information available from the data and to provide a closer 
representation of the "true" distribution. The BLF is dominated 
by the small number statistics mainly at low optical and radio lu- 
minosity, due to the lack of faint galaxies in the CIG catalog. A 
clear correlation between the optical and radio luminosity shows 
up in the BLF, with the noticeable lack of galaxies with a strong 
radio continuum emission (log(P[ .4ghz) ^ 23.50). The RLF at 
1.4 GHz is given in Table|5] 

Figure Q~2] shows a comparison of the CIG RLF with other 
samples. Except for the AGN sample of Condon et al. ((2002), 
all samples have a relatively similar RLF at low radio power 
(Pi.4GHz < 10 22 WHz~'). The radio emission of these galaxies 
showing a similar contribution to the local density of the RLF 
is dominated by SF At larger radio power, the 2dFGRS sam- 
ple from Sadler et al. (2002) and AGN/UGC dominate the ra- 
dio contribution, that is, the radio power is coming mainly from 
the AGN-powered galaxies. The CIG RLF decreases below the 
AGN dominated samples for powers higher than Pi.4ghz ~ 10 23 
W Hz -1 , in very good coincidence with samples powered by SF. 
Thus, the radio emission from the CIG sample is mainly pow- 
ered by SF and the AGN contribution is very low, as confirmed 
by Sabater et al. (|2008l . 

The Schechter formalism to describe the luminosity function 
(Press & Schechter 1974) was initially developed to explain the 
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Table 4. Bivariate (optical,radio) luminosity function for the CIG sample. 



M 


-16.25 


-16.75 


-17.25 


-17.75 


-18.25 


-18.75 


-19.25 


-19.75 


-20.25 


-20.75 


-21.25 


-21.75 


-22.25 


log(P) 




























18.75 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


19.25 


0.00 


0.00 


0.00 


0.81 


0.31 


0.83 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


19.75 


0.00 


0.00 


0.00 


0.81 


0.94 


0.28 


0.63 


0.40 


0.00 


0.00 


0.00 


0.00 


0.00 


20.25 


2.00 


0.00 


0.00 


0.37 


0.42 


0.26 


0.16 


0.13 


0.35 


0.00 


0.00 


0.00 


0.00 


20.75 


0.00 


0.00 


0.00 


0.00 


0.25 


0.46 


0.70 


0.65 


0.77 


0.47 


0.45 


0.31 


0.00 


21.25 


0.00 


0.00 


0.00 


0.00 


0.08 


0.17 


0.39 


0.57 


0.47 


0.61 


0.34 


0.00 


1.07 


21.75 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.12 


0.24 


0.35 


0.73 


0.83 


1.22 


0.00 


22.25 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.04 


0.14 


0.29 


0.38 


0.93 


22.75 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.04 


0.10 


0.09 


0.00 


23.25 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.01 


0.00 


0.00 


0.00 


0.00 



Table 5. RLF at 1.4 GHz for the CIG sample. 
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Fig. 12. RLF at 1.4 GHz for the CIG sample (triangles) with \-cr 
error bars. The RLF is shown in Mpc~ 3 mag 1 . The line repre- 
sents the Schechter fit to the CIG sample, taking into account 
only data points with log(P) > 20.75. 



luminosity function of galaxies based on the cosmological evo- 
lution of the clustering of matter in the Universe. Its application 
to radio frequencies (e.g. Yun et al. 1200 U Serjeant et al. 2002) 
is a powerful tool to compare the distribution of various kinds of 
radio sources and to parametrize their evolution. The Schechter 
function for a RLF p(L) is the following: 



'"■*"■ - "*(£ esp -£ Hi 



(14) 



where p* and L* are the characteristic density and luminosity of 
the population and a describes the faint-end power-law slope 
for L <k L+. Our RLF cannot be well described by a single 
Schechter function. We therefore derived a fit only for the high 
luminosity data points, those with log(Pi.4QHz) ^ 20.75. The fit- 
ted parameters are given in Table [6] The fits for Condon et al. 
(2002) and Yun et al. (12001) have been recomputed for consis- 
tency. The x 1 °f the fit is indicated together with the degree of 
freedom of the fit (DoF). 

The L+ parameter is quite uncertain because of the relative larger 
errors of the bright end data. Yun et al. (2001 ) found that fitting 



logP L 4GHz 


<A 


N 


(WHz- 1 ) 


(Mpc 3 mag ' ) 




19.25 


1.9(±0.5) x 10~ j 


24.6 


19.75 


2.6(±5.5) x 10~ 3 


55.9 


20.25 


5.5(±2.1)xl0~ 3 


52.4 


20.75 


1.6(±0.2) x 10- 3 


188.0 


21.25 


9.0(±0.1)x 10- 4 


144.6 


21.75 


4.7(±0.5) x 10- 4 


165.7 


22.25 


5.9(±0.1)x 10~ 5 


39.8 


22.75 


1.3(±0.5) x 10~ 5 


10.0 


23.25 


4.6(±4.6) x 10- 6 


1.0 



Table 6. Schechter function for the RLF at 1.4 GHz. 



Survey 



P* 
(xl0~ 3 ) 



(xlO 23 ) 



* 2 /DoF 



CIG 

UGC-SF 1 

IRAS-2Jy 2 



34.2(= 
46.8(= 
19.6(= 



9.0) 
31.0) 

13.8) 



0.43(= 
0.94(= 
2.30(= 



0.23) 

:0.24) 

1.30) 



-0.47(: 
-0.48(: 
-0.73(: 



:0.06) 0.04/3 
:0.08) 0.1/10 
0.11) 0.8/14 



1 Condon et al. J2002l l. SF sample. 

2 Yun et al. < f200TT ). 



their RLF with a sum of two Schechter functions gives a better 
fit. We tried such decomposition for the CIG sample, and the x 1 
was not improved but increased. It shows the limit of the applica- 
tion of the Schechter formalism to the RLF, developed to model 
the mass distribution of the sub -structures in the formation of the 
galaxies. Yun et al. (2001) noted that their decomposition fits two 
different galaxy populations: one normal, late-type field galax- 
ies, and a second composed of starburst and luminous infrared 
galaxies. It appears that the "field" galaxies of the IRAS-2 Jy 
sample have a closer Schechter decomposition to the CIG pop- 
ulation than the starburst galaxies with L* ~ 2 x 10 22 WHz ' 
and a ~ -0.63. The lower power-law slope of the CIG com- 
pared to the UGC-SF sample indicates that the CIG sample has 
a larger population of low luminosity galaxies. The same con- 
clusion arises from the lower L+ value than the IRAS-2 Jy, since 
they have a comparable power-law slope. 



4.2. Radio power density 

We chose to compute the total radio power density from the 
RLF at 1.4 GHz rather than from the Schechter fit, since the 
parameters of the Schechter fit would give the total power 
density as Uiaghz - P*£*T(2 + a) for a larger range than the 
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Table 7. Radio power density. 



Survey 



UiAcm. 

10 18 WHz-'MptT 



References 



CIG 

IRAS-2Jy 
UGC/NVSS-SF 
UGC/NVSS-AGN 
2dFGRS 



4.44 ±0.52 
15.60 ±0.25 
17.06 ±0.35 
41.88 ±3.47 
74.76 ±3.59 



This paper 
Yun et al. J200TT > 
Condon et al. f2002t 
Condon et al J2002t 
Sadler et al. J2002t 



available radio data. Given the uncertainties on the parameters 
and the extrapolation of the formula, we preferred to compute 
£A.4GHz only on the radio power range of the RLF. The re- 
sults for the CIG and the other samples considered from the 
bibliography are given in Table [7] the radio power density for 
each sample is computed for a Hubble constant of Hq = 75 
kms' 1 . The CIG sample has, by far, the lowest contribution 
(4.4 x 10 18 WHz _1 Mpc~ 3 ) in the Local Universe to the radio 
continuum emission at 1.4 GHz. Its contribution is 30% of the 
total power density of the IRAS-2 Jy sample and 6% compared 
to the 2dFGRS, which covers a redshift range of z - 0.005 to 
0.438 and has 60% of active galaxies and 40% of star-forming 
galaxies (Sadler et al. [2002 ). The difference of the total radio 
luminosity between the UGC and IRAS-2 Jy samples is mainly 
due to the lower faint end of the later one. It appears clearly 
that the galaxies hosting an AGN are dominating the sources 
emitting at 1 .4 GHz. The low contribution of the CIG galaxies to 
the total radio power density is the combination of two effects: 
(i) a slightly lower radio emission of the individual galaxies, 
in comparison to other environments, as shown for the mean 
log(L) in comparison to the UGC-SF sample of Condon et al. 
(2002), and (ii) a low number density of isolated galaxies in the 
local Universe. 



5. Conclusions 

This paper is part of a series designed to characterize the ISM 
in a sample of the most isolated galaxies in the local Universe. 
We are establishing multiwavelength baselines or zero-point lev- 
els for the stellar content and the different components of the 
ISM against which samples in different environments can be 
compared and interpreted. Radio continuum emission that arises 
from either star formation or active nuclei should be at the lowest 
"natural" level in the AMIGA sample. We analyzed radio contin- 
uum emission at three frequencies: 325 MHz, 1.4 and 4.8 GHz 
using data from the WENSS, NVSS, FIRST and GB6 surveys. 

1 . We compare the CIG radiocontinuum power at 1 .4 GHz with 
the one of the UGC-SF sample (Condon et al. |2002l of field 
star-forming galaxies. The sample is similar in distance and 
optically brighter. Taking into account the upper-limits by 
using the survival analysis, the mean of log(f) for the CIG 
sample (20. 11) appears significantly lower than for the UGC- 
SF sample (21.61). 

2. Radio-to-optical flux ratios (R) show a median value ~ 4.5, 
confirming that radio emission in our sample is largely due 
to star formation. Comparison with a sample of emission 
line galaxies (van Duyne et al. 2004) reveals striking dif- 
ferences, with most R values between 10-100, while most 
of our sample lies in an order of magnitude lower range, be- 
tween R - 1-10, similar to the one of the UGC-SF sample. 

3. The 1.4 GHz detection fraction for FIRST is much lower 
than for NVSS even though FIRST is a more sensitive sur- 



vey. This is because the spatial frequency attenuation in 
FIRST makes it sensitive only to compact, largely nuclear, 
emission in our sample galaxies. An isolated sample like 
AMIGA should be dominated by disk star formation which 
FIRST cannot see. Thus NVSS, which is sensitive to this 
emission, detects far more galaxies, and we estimate that 
disk emission dominates the radio continuum signature of 
~80% of our largely spiral sample. Nuclear emission is 
thought to be enhanced by interactions that dissipate angu- 
lar momentum leading to gas infall. Dissipative effects are 
likely near minimum in our sample. This can be contrasted 
to surveys of compact groups (Menon 1995) where most ra- 
dio detections involve compact nuclear emission and where 
quasi-continuous tidal perturbations should efficiently chan- 
nel any unstripped gas into the centers of the galaxies. 

4. Isolated early-type (E/S0) galaxies are one of the most in- 
triguing, albeit small (~14%), parts of the AMIGA sample. 
They show a similar detection fraction to that of the spirals 
which already marks them as unusual. If they are true early- 
types then it is difficult to ascribe their radio emission to star 
formation. Either many of them are misclassified spirals, or 
isolated early-types are somehow slightly hyperactive (un- 
usual star formation?, sites of minor mergers?). The number 
of radio detection of SO galaxies is similar to the ellipticals 
and show comparable radio luminosities. Since SO show less 
association with active nuclei these detections may be telling 
us that: 1) some SO could be misclassified ellipticals and 2) 
others could be misclassified spirals. 

5. The RLF for our sample was derived using the radio-optical 
bivariate function. It also suggests that radio emission in 
our isolated sample is star formation dominated. It shows a 
strong drop at P\aghz ~ 10 23 WHz ', with little contribu- 
tion from nuclear activity (see also Sabater et al. 2008). 

6. The RLF allowed us to compute the total radio power density 
at 1.4 GHz for our sample. We found: i/i. 4G Hz ~ 4.4 x 10 18 
WHz 1 Mpc~ 3 , compared to 15.6 x 10 18 for the IRAS-2 Jy 
sample, 17.1 x 10 18 for the UCG-SF sample, 41.9 x 10 18 for 
the UGC-AGN sample, and 74.8x 10 18 for the 2DFGRS sam- 
ple. AMIGA gives at most 30% of the contribution of other 
star-forming samples and 10% of AGN-dominated samples. 

AMIGA provides a unique reference sample for studies that 
aim to quantify the effects of environment. This is true whether 
one studies interacting samples (e.g. pairs, compact groups) 
dominated by one-on-one encounters or simply galaxies in envi- 
ronments with different average surface densities. 
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